The paper considers the calculation of the maximum packing density of fine aggregate. The selection of the granulometric composition of the aggregate is given. The bulk densities and packing densities of standard screening fractions were determined. The content of each fraction in the mixture and the packing density of the aggregate mixture are calculated by the introduction of a subsequent finer fraction. Topological calculation of sandstone screening
INTRODUCTION
Selection of the granulometric composition of the aggregate is performed in order to achieve the maximum packing density of grains and their minimum voidness, which allows to significantly reduce the binder consumption. In addition, obtaining a high-density aggregate composition under the condition of complete coating and minimal spreading of aggregate grains with a cement test makes it possible to increase the strength of the material by engaging the aggregate in the work and creating a structural framework that takes part of the destructive load [1] [2] [3] [4] [5] .
Main part
The calculation was carried out for the screening of quartzite sandstone crushing, which is a waste of the mining and processing enterprise public corporation «Lebedinsky mining processing plant (Lebedinsky GOK)» (Russia). The size modulus of screening of sandstone M k = 3,7. The average density is 1520 kg/m 3 , the true density is 2710 kg/m 3 , the bulk density is 1415 kg/m 3 . The particle size distribution is shown in Table 1 . To perform a topological calculation, the sandstone screenings of the Lebedinsky deposit with maximal size 10 mm was screened by standard sieves with a cell size of 10; 5; 2.5; 1.25; 0.63, 0.315 and 0.14 mm (Table 2) . Table 3 and Figure 1 . 
To calculate the content of each fraction in the mixture and the packing density of the aggregate mixture with the introduction of a subsequent finer fraction we take the mass fraction of the largest fraction of 10 ... 5 as one (G1=1) [7] . Then the quantity of each subsequent smaller fraction, introduced into the mixture for dense filling of the remaining free volume in the layer, is determined by the formula:
n-1 -packing ratio of the mixture consisting of n-1 fractions;
[eta] n -the packing factor of the next fine fraction introduced into the mixture;
[beta] n -coefficient of expansion of aggregate grains with the introduction of each subsequent smaller fraction; for aggregates for coarse aggregate cement concrete it is recommended 1-1,1, for fine grained -1,2, we take [beta] n =1,2.
The packing ratio of particles in a high-density mixture of n fractions is calculated by the formula:
.
The values of [psi] i,j (m) as a function of m are given in Table 4 . We find the percentage content of each fraction in the aggregate mixture: We find the expense of each fraction on a 1 m3 high density aggregate mixture, kg: (Table 5) , calculated by the method of A.N. Kharhardin [8] [9] [10] has agrain size composition close to the standard screening area (Figure 4 ) and the absence of grains less than 0.14 mm. 
Total residuals, % / Screensize Fig.4 . Dependence of fractionation of the composition of fine aggregate when creating high-density packaging:
1 -screening of sandstone; 2 -high-density composition of aggregate;
3 -area of optimal grain composition of fine-grained concrete
Using the obtained high-density mixture of aggregate (Table 5) , we design the compositions of concrete mixtures. In the first case, the ratio between binder and aggregate is assumed to be 1: 3; the given ratio is most often used at the enterprises of the construction industry to produce vibro-pressed fine-grained concrete. In the second case, we will determine the ratio based on the thickness of the spreading of the aggregate grains with a cement test equal to 30 μm.
The volume ratio of aggregate and cement paste in a concrete mixture is determined by the formulas: Thus, the ratio between binder and aggregate is ≈ 1:.5. The control samples were tested for compressive strength (Table 6 , Figure 5 ), and the density of the samples was also determined. 
SUMMARY
Thus, the results of the study showed that the maximum effect is achieved with increasing the ratio of "cement / sandstone screening" with the use of high-density composition from 1/3 to 1/3.5. This makes it possible to reduce the thickness of the spreading of the aggregate grains by a cement test to 30 μm, and thereby not only increase the strength and density of the material, but also reduce the binder's consumption from 600 to 540 kg.
